Distribution, sexual maturity, spawning dates and temperature preferences of Georges Bank haddock (Melanogrammus aeglefinus L.) were investigated with data collected on spring bottom-trawl surveys in 1977-83. The results agree with earlier work that peak spawning occurs during late March or early April and that preferred bottom temperatures ranged from 4°to 7°C. The Northeast peak of Georges Bank appeared to be the most important spawning area, but the area to the east of the Great South Channel in depths less than 100 m was also important during some years. Length at 50% maturity averaged 37 cm for males and 40cm forfemales, and a response to large incoming year-classes was noted. The stock was composed of about 37% mature individuals at age 2 and 90% at age 3, butthese percentages varied by sex and year. Sex ratios averaged 1.33: 1 in favor of females during the period and were skewed in favor of females in every year.
Introduction
Although haddock (Melanogrammus eeqtettnus L.) on Georges Bank have been the subject of intense research since the 1930's, most of the effort has been directed toward stock assessments, collection and publication of fisheries statistics and gear selectivity work (Clark et al., 1982) . Some studies have addressed the biology and life history of this stock (Bigelow and Schroeder, 1953; Colton, 1955; Chase, 1955; Clark, 1959; Marak and Livingstone, 1970; Laurence and Rogers, 1976; Laurence et al., 1981) , but the published information is not very extensive and analyses of time series of data are generally not available.
After a period of relative equilibrium and high yields during 1931-60, the stock collapsed rapidly after heavy exploitation by an international fishery in 1965 and 1966 (Clark et al., 1982) . Abundance dropped to about 10 % of former levels by 1973 and recruitment declined dramatically (Clark et al., 1982; Overholtz et al., 1986) .
Density-dependent changes in growth were noted by Clark et al. (1982) for the Georges Bank stock. Compensatory growth responses have also been noted in several other haddock stocks (Raitt, 1933; Sonina, 1965; Templeman et al., 1978; Beacham, 1983) . This suggests that changes in other important biological variables such as sexual maturity and fecundity, might also occur with fluctuations in stock size. This kind of information, along with other life history data, such as spawning distributions, temperature preference, spawning dates, and lengths at 50% maturity (L so ) , could be useful in stock assessment work, recruitment research studies and as a basis for management decisions.
Materials and Methods
Sprfng bottom-trawl survey cruises have been conducted by the Northeast Fisheries Center since 1968. Data for 1977-83 from Georges Bank (Strata 1-25, 29-30) ( Fig. 1 ) were used in this study. The surveys were conducted in April and May by research vessels Albatross IV and Delaware II, utilizing a stratifiedrandom survey design with standard gear and procedures, Grosslein, 1969; Azarovitz, 1981) . These surveys provide an excellent source of biological information for many species, but are particularly good for haddock, the species that the original survey design was centered upon. Catch cu rve analysis and catch-pertow indices indicate that haddock from Georges Bank are probably fully vulnerable to the survey gear at age 1 (Clark et al., 1982; Overholtz et al., MS 1983) . This suggests that random samples from this survey should provide a reasonable perspective on the Georges Bank stock as a whole.
Haddock were measured to the nearest centimeter (fork length), scales were collected for age analysis, and the maturity stage of the fish was determined. A five-part scoring system, consisting of immature, developing, ripe, spent, and resting categories, was used to stage the sexual maturity of the specimens (Morse, MS 1979) . This system is similar to, but not as extensive as, the one described in Templeman et al. (1978) .
All mature fish, including those classified as resting, were used in analyses of the distribution of the stock. At the present time, stock abundance is low and growth rates have increased; there is no reason to believe that resting fish encountered on the survey will not be spawners or perhaps have already spawned 
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epth strata used in bottom-trawl surveys from Southern New England to the Gulf of Maine. (Georges Bank haddock strata are 13-25 and 29-30.) during that season. Since analyses are meant to delineate large areas of spawning activity and not to pinpoint areas of active spawning in a given season, the use of all maturity stages is warranted. Distributions of all mature fish and of mature female fish only were plotted on an annual basis and in composite (females only). The female distribution plots were modified by including only those catches that comprised three or more fish. This was done to enhance the chances that the most important general areas of concentration would be discernable. Annual and composite (1977-83) lengths at 50% maturity were estimated for each sex, using loqistic regression. A linear-fitting routine was utilized, and smoothed annual and composite curves by sex were produced with parameters from each logistic model. Sex ratios were calcu lated on the basis of the percentage of mature males and females in the 1977-83 survey catches. Only mature fish were utilized because they represent the reproductively active portion of the stock. The percentages of mature males and females were tested for equality by using a chi-square statistic (Sokal and Rohlf, 1969) . Additionally, sex ratios of mature fish at ages 2-6 from the 1975 cohort and at ages 2-5 from the 1978 cohort were used in chi-square tests to determine if the number of mature male and female fish varied from a 1:1 ratio over the recru ited Iife-span of these two cohorts.
The percentage of mature fish by age-group was calculated by summing the number of mature and immature fish collected for age analysis on an annual basis. The percentage of mature fish in the total survey catch (ages 1-9+) was also estimated.
Station location and oceanographic data were collected at each sampling site during each year. Bottom water temperatures (accurate to 0.1 0 C) were collected at each station with an expendable bathythermograph. Percentage of mature haddock caught within each 1 0 C bottom temperature range was calculated. In addition, mean annual bottom temperature at haddock catch locations and the range of temperature in the survey area (Strata 13-25, 29-30 all stations) were determined. Plots of haddock catches over a 225 m range of depth and a 12 0 C range in temperature were also produced to help determine if these variables were important in determining the distribution of mature fish in the spring.
Results
Annual spawning period cannot be estimated with spring survey data due to the limited duration of the sampling, but inferences about the spawning season can be drawn. Maturity data for Georges Bank haddock from 1977 to 1983 indicate that the range of peak (Table 1) . Although ripe and spent fish were encountered during the survey in midApril, it appears that on average much of the spawning activity had taken place before this time. Most of the fish that were sampled during the last part of April and early May were resting, indicating that spawning was nearly completed by this time (Table 1) .
Temperatures where mature (developing, ripe, spent, resting) haddock were encountered ranged from 3°to 12°C, but most fish were caught between 4°and 7°C during 1977-83 (Table 2) . Mean bottom temperatures where haddock were captured ranged annually from 4.6°to 6.0°C, resulting in a fairly narrow mean range where most of the mature fish were concentrated during the study period ( Table 2 ). The mean bottom temperature for the entire period was 5.3°C at stations where haddock were captured and the range of water temperatures encountered at all stations was usually from about4°to 12°C (Table 2 ). When this analysis was repeated for developing and ripe fish only, there was little difference in the results. Thus, all mature fish were inhabiting water of much the same temperature in the survey period.
Although haddock were captured over a depth range from 40 to 200+ m, most of the mature fish were confined to depths between 40 and 125 m and most of these fish were captured in less than 100 m (Fig. 2) . Temperatures within the 4°to 7°C range were frequently encountered at depths greater than 125 m, but haddock were generally not available in those areas (i.e. strata 24, 29-30, etc.) ( Fig. 1 and 2 ).
Plots of mature fish catches of both sexes suggest that spring distributions are highly variable on an annual basis (Fig. 3) . In 1978 In ,1981 In ,1982 , haddock were dispersed widely over much of Georges Bank, while, in 1977 and 1980, they were concentrated in stratum 16 and 23 and the eastern parts of strata 13, 19 and 20 respectively (Fig. 3) . In 1978, the distribution was characterized by a wide dispersion, with concentrations in stratum 16 and strata 13, 19,20 and 23. In 1979 13, 19,20 and 23. In , 1981 13, 19,20 and 23. In and 1982 , although thefishwere dispersed widely, there was some clumping around strata 16,20 and 21. In 1983, the fish seemed to cong regate in stratum 16 and in strata 13 and 19 and to the east of the Great South Channel. The area comprising the western part of strata 13, 19 and 20 and stratum 23 appeared to be an important concentration point for mature fish in 1978, 1980, and 1983. When the catches of mature female fish are plotted, large general areas where spawning probably occurs become more apparent (Fig. 4) . In 1978 In , 1981 In and 1982 , the mature females were dispersed widely, but primarily in stratum 16 in 1978 and 1982 and strata 19,20 and 21 in 1981 . The distribution of females was fairly compact in 1977, 1979 and 1980 , with the Northeast Peak as the area of greatest concentration (Fig. 4) . Again in 1978 Again in , 1980 Again in and 1983 and 23 appeared also to be an important concentration point. A composite map of mature female fish catches suggests that the most important areas of concentration were along the 100 m contour, strata 16, 20, 21 and around strata 13,19,20 and 23 (Fig. 5) . 
Mean lengths at 50% matu rity were calcu lated for both males and females for the overall 1977-83 period (Fig. 6) . The Lso for males (37 em) was less than that (40 em) for females. Values ranges from 30 to 43 em for males and from 37 to 43 em for females. Length at 50% maturity generally increased for females from 37 em in 1977 to 42 em in 1980 (Fig. 7) . After a drop to 38 em in 1981, the Lso for females increased thereafter to 43 em in 1983. For males, the Lsoincreased from 32 em in 1977 to 35 em in 1979. The 1980 estimate of 43 em is probably spurious because sample size over the inflection point of the logistic curve was fairly small in that year. It was followed by two years at 37 em in 1981 and 1982 (Fig. 7) . In general, the Lso for both sexes tended to increase
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An average of about 77% of the total stock, as represented by survey catches, was mature over the 1977-83 period, but this ranged from 55 to 93%, depending on the year (Fig. 8) . Since a large proportion of the stock consisted of fish from the 1975 and 1978 year-classes, the percentage of mature fish was highly influenced by the maturity state of these two cohorts. The percentage of mature fish in the stock reached 93% in 1978 and 90% in 1981, due primarily to the maturation of the 1975 and 1978 year-classes respectively (Fig. 8) . None of the age 1 fish sampled in 1977-83 were mature. The average percent mature at age 2 was 37%, but this ranged from a high of 62% in 1977 to a low of 18% in 1979 (Table3). More males than females were mature at age 2 (45% versus 33%) and at age 3 (96% versus 91%). The range in age 2 matu rity was greater for females from a low of 8% in 1979 to a high of 61% in 1977. The percentage of mature age 2 fish was highest in 1983 for males and in 1977 for females, but the male percentage was nearly as high in 1977. Sex ratios among mature fish in survey catches were skewed toward females in every year from 1977 to 1983. The average ratio forthetime period was 1.33:1 in favor of females and the range was 1.15:1 to 1.52:1 (Table4). Thus, on average, there were about 15% more females in the mature portion of the stock than males and over 20% more in 1980. When the sex ratio of all fish (ages 1+, immature and mature) was calcaulated, the ratio was further skewed toward females. A chi-square test for equality of sex ratios over the 1977-83 period showed that there was a significant difference (P<0.01) between the number of mature males and females in the stock during most years and for all years combined (Table 4) . Data from the 1975 and 1978 year-classes were also examined with a chi-square test to detect any differences in sex ratios among mature fish by cohort (Table 5 ). The results suggest that the 1975 and 1978 year-classes maintained a ratio in favor of females during and after age 2 in all years, but the difference was not significant. However, since there is no indication of ··················,u·_-------- 2  61  26  8  41  52  31  11  33  3  100  99  71  100  94  67  39  81  4  100  100 100  100  100  99  100  100  5+  100  100 100  100  100  100 1977-83. 1977 1978 1979 1980 1981 1982 1983 Fig differential mortality for mature fish by sex or year, the samples were combined and a highly significant chisquare statistic was obtained for both cohorts (Table   5 ). 
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Discussion
The results of this study concerning spawning time are in accordance with a large body of information which has established that haddock have a clearly defined and relatively short spawning period. Although the onset of spawning may occur at different times due to the influence of temperature (Marak and Livingstone, 1970; Smith et al., MS 1981) , peak hatching seems to occur on or about 21 April (Marak and Livingstone, 1970; W. Smith, Sandy Hook, New Jersey, pers. comm., 1985) . Because it requires about 13 days for haddock eggs to hatch at 50 C (Bigelow and Schroeder, 1953) , this would suggest that, on average, peak spawning probably occurs sometime around the first week in April.
The spring survey occurs during only a portion of the spawning season, hence it cannot be used to describe the whole chronology of spawning. However, in each year, many of the fish were already spent or in a resting condition by the third week in April (Table 1) .In years such as 1979 and 1983, many ripe and spent fish were observed early in April, indicating that spawning had commenced prior to this time. Overall, the data suggest that peak spawning probably occurs sometime during the last week or two in March and the first 2 weeks in April. Other studies have suggested that this same period is most important for spawning (Marak and Livingstone, 1970; Colton et al., 1979) .
Georges Bank haddock seem to have a fairly narrow range of preferred temperatures. Previous studies have suggested that maximum spawning occurs at bottom temperatures between 3.3 0 and 5.6 0 C (Marak and Livingstone, 1970) . Although the survey may have occurred after peak spawning in most years, the data suggest that the temperature regime which accompanied spawning activity in 1977-83 had probably changed little from previous times (Marak and Livingstone, 1970) .
The temperature and depth analyses suggest that temperature is probably the more important controlling variable for determining haddock distribution in the spring. The variable annual distribution of mature haddock over the 1977-83 period indicates that spawning may not occur at the same sites on a yearly basis, but haddock may seek areas of shallow depth with the correct temperature regime for spawning. Numerous deeper water stations were sampled over the period, but few haddock were captured at these locations ( Fig.  1,2,3 ). Strata 13, 16, 19, 20, 21 and23probablycontain fairly extensive grounds where conditions are suitable for spawning. Spawning in these areas presumably causes eggs to enter the clockwise circulatory pattern on Georges Bank, which serves as a mechanism to retain eggs and larvae on the bank (Buckley and Lough, 1987) .
The distribution of mature female fish suggests that the Northeast Peak (strata 16, 21) is still probably the most important spawning ground, with the area to the east of the Great South Channel (strata 13,19,20, 23 ) also an important congregation area at times. These areas are the same spawning grounds that were shown to be important in previous studies (Colton, 1955; Overholtz, 1985) .
Georges Bank haddock mature at a smaller size than fish from other areas of the Northwest Atlantic (Templeman et al., 1978; Beacham, 1983) . The trends that were noted in male and female Lsovalues are probably the result of variable stock densities and growth patterns. Many studies have shown that size at maturity in fishes, and particularly in haddock, can be variable (Templeman and Bishop, 1979; Beacham, 1983; Stearns and Crandall, 1984; Echeverria, 1987) .
These fish, at the southern limit of the range of the species, tend to mature at an earlier age than other stocks in the Northwest Atlantic. Fish from this stock are nearly fully mature at age 3. Beacham (1983) found that haddock cohorts on the Scotian Shelf were not fully mature until age 4, while cohorts from the Grand Bank were not fully mature until age 7 (Templeman et a/., 1978) . Percent maturity at age 2 seems to have shown the most variation over the last several decades. Clark (1959) showed that about 21% of age 2 fish were mature during 1949-50, while Clark et a/. (1982) reported that 46% of age 2 fish were mature in 1968-72. This percentage increased to 54% during the 1973-75 period (Clark et a/., 1982) . The present study showed that the stock was about 37% matu re at age 2 in 1977-83.
Possibly in response to low stock size, over 60% of the 1975 year-class were mature at age 2, including 61% of the females. This percentage for females is high relative to that in other studies, i.e. 0% (Clark, 1959 ), and 28% for 1968 -72 and 34% for 1973 -75 (Clark et aI, 1982 . Similarly, when the large 1978 year-class reached age 2 in 1980, 41% of the female fish were mature. This may indicate that a mechanism exists for a short-term response to declining or low stock density since maturation is related to growth.
Information on sex ratios for temperate fishes is fairly sparse, but a growing number of studies suggest that fish do not exhibit the typical mammalian pattern of a 1:1 ratio. Atlantic silversides (Menidia menidia) have size dependent sex ratios that are keyed to temperature during their larval development phase (Conover and Kynard, 1981; Conover and Fleisher, 1986) . A study of northern anchovy (Engrau/is mordax) showed that sex ratios were skewed toward males at ages 0-2 and then dominated by females thereafter (Parrish et a/., 1986) .
Several studies suggest that there may be a link between sex ratio and exploitation. A response to reduced density apparently occurred when sea lamprey populations were controlled in the Great Lakes. Sex ratios of lampreys switched from being heavily skewed in favor of males to the opposite (Torblaa and Westman, 1980) . Coregonid stocks in Lake Michigan also were characterized by a majority of females during a period of heavy exploitation and low stock abundance in the 1960's (Brown, 1970 ).
It appears that females may be favored during the early life history of haddock in response to the low levels of abundance in recent years. The sex ratios of all the recent large year-classes including 1972, 1975, and 1978 , were skewed in favor of females. Although the mechanism that is responsible for this phenomenon is not known, the response is consistent with other density-dependent changes, such as increased growth and reduced age at first maturity, which have occurred since the stock collapsed in the mid-1960's (Clark et a/., 1982) . An examination of earlier data from autumn 1963 and winter 1964 suggests that sex ratios of mature fish from that time period may have favored males. The sex ratio, in favor of males, was 1:1.38 in 1963 (P<0.05) and 1:1.17 in 1964 (not significant). This suggests that there may be a relationship between density of fish and the sex ratio in this stock.
